HH 222 is a giant shocked region in the L1641 cloud, and is popularly known as the Orion Streamers or "the waterfall" on account of its unusual structure. At the center of these streamers are two infrared sources coincident with a nonthermal radio jet aligned along the principal streamer. The unique morphology of HH 222 has long been associated with this radio jet. However, new infrared images show that the two sources are distant elliptical galaxies, indicating that the radio jet is merely an improbable line-of-sight coincidence. Accurate proper motion measurements of HH 222 reveal that the shock structure is a giant bow shock moving directly away from the well-known, very young, Herbig Be star V380 Ori. The already known Herbig-Haro object HH 35 forms part of this flow. A new Herbig-Haro object, HH 1041, is found precisely in the opposite direction of HH 222 and is likely to form part of a counterflow. The total projected extent of this HH complex is 5.3 pc, making it among the largest HH flows known. A second outflow episode from V380 Ori is identified as a pair of HH objects, HH 1031 to the northwest and the already known HH 130 to the southeast, along an axis that deviates from that of HH 222/HH 1041 by only 3.7
INTRODUCTION
HH 222 (sometimes referred to as the Orion Streamers) is a very large and unique emission structure in the northern part of the L1641 cloud in Orion in the region of the HH 34 and HH 1/2 flows. Its existence was apparently first commented upon in the literature by Cohen & Schwartz (1983) .
Interference filter images and spectra have demonstrated that HH 222 is a large emission line structure. The HH 222 core itself has many similarities to the many other Herbig-Haro (HH) flows in the region and is located in the vicinity of young stars, hence its inclusion among the HH objects (Reipurth 1999) . What makes it unique and makes it stand out from all other known HH objects is a couple of very large streamers, the longest of which stretches across 260 arcsec, corresponding to 0.6 pc at the often-assumed distance of 460 pc for the Orion clouds (see Sect. 3.1). Reipurth & Sandell (1985) found HH 222 to be situated near the edge of a molecular cloud, with the T Tauri star V571 Orionis located only 15 arcsec from the center of the shock structure, and they suggested that HH 222 could be the result of a T Tauri wind impacting the cloud edge. This idea was abandoned when Yusef-Zadeh et al. (1990) detected a strong radio continuum jet at the core of the shock structure, with a large-scale nonthermal radio flow pointing along the longest of the streamers. They also identified two faint nearinfrared sources around the location of the radio continuum source. The VLA source was also detected by Morgan et al. (1990) . The source was not detected in the 1300 µm survey of HH energy sources by Reipurth et al. (1993) . Most recently, Trejo & Rodríguez (2010) have presented new high-resolution 6 cm and 20 cm radio continuum maps of the radio continuum jet.
Non-thermal radio sources in low mass star forming regions are rare, the best known case is the triple source in Serpens, which at high resolution has been revealed to be a fine bipolar radio jet (Rodríguez et al. 1989 , Curiel et al. 1993 , Raga et al. 2000 . The presence of non-thermal emission in such regions is not very easy to explain, but may involve diffusive shock acceleration of particles (Crusius-Wätzel 1990 , Henriksen et al. 1991 . Castets et al. (2004) mapped the region around HH 222 in several millimeter transitions, but did not detect any dense molecular cloud core that could harbor a young driving source. Among several alternative explanations for a driving source, they considered the possibility of an evolved source accidentally passing through the Orion clouds.
In this paper, we present optical and infrared observations of the HH 222 complex, measure proper motions of the streamers, and find that HH 222 is not driven by an internal source, but is a giant bow shock driven by the Herbig Be star V380 Ori located 22 arcmin to the south-east. We argue that the two infrared sources at the center of HH 222 are distant elliptical galaxies, and conclude that the associated radio continuum jet at the center is an extragalactic object.
OBSERVATIONS
The first-epoch CCD images were obtained on January 13, 1994 with the ESO 3.5m New Technology Telescope (NTT) at La Silla. EMMI was used with a Loral CCD providing a field of view of about 9 × 10 arcminutes at a scale of 0.35 arcsec per pixel. The seeing was approximately 0.7 arcseconds. Three exposures through both Hα and [SII] narrowband filters were obtained for a total exposure time of 2700 sec per filter.
The second-epoch CCD images were made with the 8m Subaru telescope and SuprimeCam. A 5-point dither map with step size of 40 ′′ was used in order to cover the 17 ′′ gaps between the 10 individual CCDs. An Hα filter was used with a FWHM of 99Å, central wavelength of 6596Å, and peak transmission of 87%. The Hα image was obtained in clear conditions on January 4 2006 with a total exposure time of 5 × 12 min at airmass 1.15, resulting in images with FWHM of 0.9 ′′ . A [SII] filter was used with a FWHM of 130Å, central wavelength of 6714Å, and peak transmission of 87%. The [SII] image was obtained in clear conditions on January 5, 2006 with a total exposure time of 5 × 12 min at airmass 1.22, and the seeing varied from 0.61 ′′ to 0.65 ′′ between exposures. Infrared images through J, H, Ks, and H 2 filters were obtained of the HH 222 core region using NIRI on the Gemini-North telescope on October 14, 2006. The broadband images were each exposed for 10 × 60 sec on-source, while the H 2 images were exposed for 10 × 2 min on-source. The photometry was calibrated using the standard FS13. Near-infrared long-slit spectroscopy with both IRS 1 and IRS 2 under the slit was obtained on Nov 13, 2006 also using the GeminiNorth telescope and NIRI and the K-band grism. The F6 camera was used with a 4 pxl wide slit, and the spatial scale was 0.12"/pxl. The total onsource integration time was 40 × 2 min. Telluric lines were removed by observing the A0 standard HIP 23661.
HH 222 was observed with the echelle spectrograph at the 3. A position 30 arcsec due north of this location was observed to obtain a sky reference spectrum. Three 180 second duration exposures were obtained at each location, median combined, and the resulting cosmic-ray-free spectra were differenced. This procedure provides a direct measurement of the line-width and line center velocity of the emission from HH 222 relative to the diffuse nebular emission that permeates the entire field of view surrounding HH 222. All radial velocity and line-width measurements are referenced to the central velocity of the Hα emission line associated with the diffuse nebular emission.
A low dispersion, long slit optical spectrum of the core of HH 222 was recorded on February 3, 2000 during the commissioning of the FORS2 instrument at the 8.2 m unit telescope 2 of ESO's Very Large Telescope. The 418 arcsec slit was oriented at position angle 35
• along the longest and brighest streamer of the HH 222 complex. Using Grism 300V and a slit width of 1 arcsec, the spectrum provides a resolution of 0.235 nm and was integrated for 1800 s on source. For data reduction, we used the ESO FORS2 data reduction pipeline (release 4.8.7), which performs a bias and flatfield correction, dispersion correction, and wavelength-calibration. In order to separate the background emission from HH 222, the highly irregular sky background around HH 222 was estimated from our CCD images, and a region along the slit, ∼40 arcsec further north-east, was chosen to correct for the sky.
A medium resolution (R∼750) 0.9-2.4 µm spectrum was obtained of V380 Ori B on Dec 28, 2012 using SpeX in the short cross-dispersed mode on the 3.0 m NASA Infrared Telescope Facility at Mauna Kea (Rayner et al. 2003 ). The 0.8"×15" long slit was placed perpendicular to the direction between V380 Ori A and B. Total exposure time was 40 min. Subsequently JHK images were obtained in photometric conditions and with a seeing of 0.8 ′′ . A medium resolution (R∼1800) 1-2.5 µm spectrum of V380 Ori B was obtained on January 16, 2013 at the Gemini North telescope using the facility instrument GNIRS in its cross-dispersed mode. A 0.3 arcsecond wide slit was employed and oriented at position angle 30
• in order to minimize contamination from the much brighter A component of the system. The spectrum was obtained in clear skies and 1 ′′ seeing, utilizing the standard stare/nod-along-slit mode, with a beam separation of 4 ′′ . The total exposure time was 40 min. A nearby A0 star was used as a flux and telluric standard. Due to variable seeing conditions and the narrow slit, the flux calibration is uncertain by a factor of ∼1.5.
RESULTS

Optical imaging and proper motions
In Figure ? ? we show the deepest image of HH 222 taken so far, using SuprimeCam on the 8m Subaru telescope. The figure is a combination of a 1-hour exposure through an Hα filter and another 1-hour exposure through a [SII] filter, both taken in sub-arcsecond seeing (see Section 2 for details). HH 222 has a bright core, from which several streamers emanate, giving it its characteristic appearance, unique among HH objects. It is noticeable that many structures have edges that are sharper towards the NNW. The total extent of the object exceeds 6 arcmin.
The distance to HH 222 is uncertain. Recently, Menten et al. (2007) derived a distance of 414 pc for M42, just north of HH 222. Wilson et al. (2005) suggests a distance of 465 pc for the central part of the cloud complex that contains HH 222, consistent with the value of 460 pc that has been used frequently in the past for L1641, and which we continue to use in this paper. At a distance of 460 pc, the 6 arcmin extent of HH 222 corresponds to a projected dimension of 165,000 AU, or ∼0.8 pc.
We have also subtracted the Hα and [SII] images, and the result is shown in Figure ? ?. Hα-strong regions are black, and dominate the region.
[SII]-strong features are white, and the main such structure (in the following dubbed "the [SII]-knot") is seen just south-east of the main core. Other faint [SII]-strong features are similarly preferably shifted to the south-east, and we discuss this further below.
We have derived proper motions for various components of HH 222 using the abovementioned Subaru images combined with similar images obtained at the 3.5m ESO NTT in 1994 (see Section 2), providing a time span of 4375 days, or 12 years.
Neither our IRAF-based nor IDL-based automated proper motion scripts, which we usually use for determination of tangential velocities of HH objects, worked well for HH 222, because it is so diffuse: slight intensity variations along the HH 222 shocks tended to result in gross transverse motions. Instead we used a more manual method as described below. The NTT and Subaru images were cropped, re-sampled to a common area and pixel scale, and scaled to match in intensity. The 1994 NTT image was registered to the 2006 Subaru image with IRAF tasks GEOMAP and GEO-TRAN to remove geometric distortions using 15 stars that were visible in both images, but not saturated in either.
Sharp-edged and compact structures were marked on the 2006 Hα image using a DS9 RE-GION file. This file was copied onto the 1994 Hα image, and the centroids of each region were moved to provide the best fit to each marked feature as judged by eye. An IDL routine was used to determine the difference in the centroid positions of regions on the 1994 and 2006 images, to compute the proper motion vectors, and to generate a REGION file of these vectors which was then overlaid on the 2006 Subaru Hα image to produce the figure shown in Figure ? ?; the vector lengths correspond to the motion expected in 300 years. The mean proper motion of the entire HH222 complex was measured to V pm = 107±25 km/s towards PA = 329
• ±10
• (random error). We note the following: 1) The proper motion of the HH 222 complex is perpendicular to the main set of streamers. It is also consistent with the axes of symmetry of the three or four bow shaped shocks that protrude ahead of the main HH 222 streamers. These facts provide strong evidence that HH 222 is a giant working surface moving through the L1641 star forming region.
2) The Hα-[SII] difference image separates stronger from weaker shocks, and we see that the main core of HH 222 is located ahead of the [SII]-bright region, in the direction of motion. This is consistent with the expectation that a working surface consists of a bow shock, where the ambient medium is shocked and accelerated, and a Mach disk where jet material is shocked and decelerated. The fact that the Mach disk is a weaker shock indicates that the jet is heavy relative to the ambient medium.
3) The direction of the tangential motion of HH 222 points directly away from the Herbig Be star V380 Ori, one of the youngest Herbig Ae/Be stars known, still associated with the primordial material from which it was born (Herbig 1960) . While the mean HH 222 proper motion vector is at PA=329
• , the direction from V380 Ori to the core of HH 222 is 331
• (indicated by the dotted line in Figure ? ?).
4) The projected extent of the HH 222 outflow lobe from V380 Ori is 3.0 pc. If the current tangential motion of HH 222 has been constant, the age of HH 222 is 28,000 yr. However, it is likely that the velocity of the bow shock has declined with time (see Devine et al. 1997) , making this an upper limit to the age of the shock structure.
Optical spectroscopy
The emission lines in our low-dispersion spectrum of HH 222 (Fig. 4 ) match very well the spectra of other Herbig Haro objects, such as HH 1 (e.g. Solf et al. 1988 ). This supports our interpretation that, despite its unusual morphology, HH 222 is a typical Herbig-Haro object. The identified lines and their relative line strengths are listed in Table 2 . The overall appearance of the spectrum is that of a moderately excited HH object.
Using our high-resolution spectra, we find that the [SII] knot in HH 222 (prominently visible behind the main shock in Figure ? ?) exhibits a slight blueshift with respect to the diffuse nebular emission and has a significantly larger linewidth in [SII] . The Hα emission line peak in the HH 222 [SII] knot has a relative radial velocity of V rel = −6±10 km s −1 , consistent with no Doppler shift, and a line width ∆V = 37±14 km s −1 , about twice the width of the background diffuse emission. The brighter λ 6717 [SII] line is blueshifted to V rel = −18 ± 10 km s −1 and has a line width of ∆V = 48 ± 14 km s −1 . The fainter λ 6731 [SII] line is blueshifted to V rel = −30 ± 10 km s −1 , but the signal-to-noise is too low to make an accurate line-width measurement. The intensity ratio of the [SII] doublet is consistent with a flux ratio I 6717 /I 6731 = 1.4, indicating that the plasma is in the low-density limit with n < 100 cm −3 . These parameters, combined with the relatively bright emission in Hα, imply that the HH 222 recombination lines are formed in a limb-brightened sheet seen edge-on with a much greater extent along the line-of-sight than on the plane-of-the sky. This suggests that HH 222 moves close to the plane of the sky. We can, in fact, determine the angle of the HH 222 flow to the plane of the sky by using the radial and tangential velocities we have measured. If we adopt a weighted mean of the radial velocities for the [SII] 6717/6731 lines of -22±10 km s −1 and a mean tangential velocity for HH 222 of 107±25 km s −1 , we conclude that HH 222 is indeed moving close to the plane of the sky, at an angle of only ∼12
• ±8
• .
Near-infrared imaging and spectroscopy
The very core of HH 222, from which all the streamers appear to emanate, is also the location of two faint near-infrared sources first noted by Yusef-Zadeh et al. (1990) . Our infrared images obtained at the Gemini-North telescope (see Section 2) provide the coordinates and photometry listed in Table 1 . Additionally we have obtained low-dispersion K-band spectra of these two infrared sources; although the signal-to-noise was not sufficient to detect any absorption lines in the continuum, it is evident that the objects show no emission lines in the K-band. We have also examined the region using Spitzer IRAC data, and found no objects at the position of the two infrared sources, indicating that they are unlikely to be young stars. The near-infrared JHK images are combined into a color figure shown in the upper panel of Fig. 5 , and to put the region in proper context the very same field is shown in the lower panel in the optical ([SII] ). The infrared image shows that the two infrared sources at the core of the streamers are slightly extended and slightly elongated. In total, at least five other slightly nebulous objects, including two spiral galaxies, surround the two infrared sources. The appearance is that of a distant small cluster of galaxies with two spiral galaxies and at least two elliptical galaxies.
DISCUSSION
A wide range of explanations for the origin of the curious "Orion Streamers" have been put forward over the past 25 years (e.g., Reipurth & Sandell 1985 , Yusef-Zadeh et al. 1990 , Castets et al. 2004 ), all of which have been unsatisfactory. Our proper motion measurements of HH 222 have shown a clear motion directly away from V380 Ori. This is the key to understand the nature of HH 222, and here we summarize the basic features of V380 Ori.
Properties of V380 Ori
The rich emission line spectrum of V380 Ori (BD −06
• 1253 = Parenago 2393 = HBC 164 = Haro 4-235) was first noted by Herbig (1946) and Morgan & Sharpless (1946) . It was subsequently recognized as belonging to the class of Herbig Ae/Be stars (Herbig 1960) , with a spectral type around B9 and a luminosity of ∼100 L ⊙ . V380 Ori has been observed in great detail and over many wavelength ranges (e.g., Herbig 1960 , Hamann & Persson 1992 , Rossi et al. 1999 , Stelzer et al. 2006 . It is surrounded by a bright reflection nebula known as NGC 1999, which has been studied by Warren-Smith (1983) and Cardelli & Böhm (1984) . Close to V380 Ori is a dark protrusion discussed by Herbig (1946) ; CCD images obtained with the HST clearly show that this is not a dense dark cloud core, but a cavity in the bright reflection nebula (Fig. 6) , as discussed by Stanke et al. (2010) .
V380 Ori is the most massive star in this part of the L1641 cloud, and the deep Hα image in Figure ?? shows that it illuminates a wide surround-ing area; radial lines in the cloud surface suggests a streaming motion centered on V380 Ori (Figure ??) . Heyer et al. (1992) and Nakamura et al. (2012) found several partial ring like structures in 13 CO and 12 CO maps, respectively, which may be expanding shells.
Millan-Gabet, Schloerb, & Traub (2001) has used long baseline interferometry to detect and characterize the circumstellar disk around V380 Ori. They find an elongated structure with a good fit to the visibility data for a position angle of ∼30
• (disk major axis, from north through east) and an inclination (of disk plane to plane of the sky) of 80
• . In other words, the disk lies almost edge-on.
V380 Ori as a Quadruple System
V380 Ori has a close infrared companion, with a separation of 0.15" at PA 204
• (Leinert et al. 1997) . The two components (labeled Aa and Ab) can be seen in the archival NACO image from the ESO VLT (inserted in Figure ? ?, PI's: M. Petr-Gotzens & G. Dûchene). Possible evidence for orbital motion was detected by Smith et al. (2005) , and is further corroborated in Figure ? ?. More recently, Alecian et al. (2009) found that V380 Ori Aa is itself a spectroscopic binary with a period of ∼104 days, with the secondary being a massive T Tauri star. They determine an effective temperature for the primary of 10,500 K, and for the secondary of 5,500 K, with a mass for V380 Ori of roughly 2.8 M ⊙ . They further find that a disk may surround this binary and that a wind emanates from the system. Altogether, V380 Ori is a hierarchical triple system.
We have found evidence for yet another component in this multiple system. When examining the optical HST image in Figure ? ? we noted a faint star at a distance of 8.8" at position angle 120.4
• . Examining the K ′ -band atlas of Hodapp (1994) we found the source to be quite bright at 2.2 µm. The only information we have found in the literature on this star is by Corcoran & Ray (1995) , who detected it at K∼13.0 and called it V380 Ori B, a label we retain here. In Figure ? ? we show a K-band image obtained at the IRTF; photometry yields J = 14.059±0.010, H = 13.267±0.008, and K = 12.772±0.026. In Figure ? ? we show a 1.0-2.5 µm spectrum of this component. The abundant presence of H 2 O and CO bands together with lines of Na, K, Ca, etc, indicate a mid-to-late M spectral type. Figure ? ? shows a series of best χ 2 fits to late spectral standards with interstellar extinction as a free parameter using the Cardelli et al. (1989) reddening law and R V = 3.1 (regions most affected by telluric absorption were not included). It is evident that the best fits occur around M5 and M6 with low values of extinction A V ∼2. V380 Ori is still intimately associated with its placental material, but given its high luminosity this association cannot last long, and so it probably is only a million years old or less. Assuming a similar age for V380 Ori B, a spectral type of M5.5 corresponds to the boundary between very low mass stars and brown dwarfs. In Section 4 we discuss further the origin and evolutionary state of this borderline brown dwarf.
We note that Paschen-β is in emission in V380 Ori B; emission in this line has been interpreted as evidence for magnetospheric accretion, or it may be evidence for a weak outflow from the object (Folha & Emerson, 2001 , Whelan et al. 2004 ).
HH 222 as a Giant Bow Shock
The observations presented in Section 3 have made clear that HH 222 forms a giant bow shock moving straight away from V380 Ori. This, combined with the realization that the two infrared sources, IRS 1 and 2, at the center of HH 222 are likely giant elliptical galaxies, strongly suggests that there is no physical connection between HH 222 and the non-thermal radio continuum jet, but that they form an improbable line-of-sight association. This is fully consistent with the conclusions of Trejo & Rodríguez (2010) , who did not detect any proper motion of the radio jet.
Many, in fact most, giant HH flows are bipolar (e.g., Reipurth, Bally, Devine 1997), so we have searched a deep Subaru image, identical to the one covering the HH 222 field, but covering the region south of V380 Ori. Opposite to HH 222 we have found a new HH object, here called HH 1041, and seen in Figure ? ?. It is a large object, consisting of a main shock (∼30" wide) with additional fainter knots further east. Whereas the core of HH 222 is located at a position angle of 331.2
• relative to V380 Ori, then HH 1041 is at a position angle of 151.6
• . The difference is 179.6
• , in other words the two shocks are precisely on opposite sides of V380 Ori, which strongly supports that they form a pair of shock and counter-shock from this star. While HH 222 and HH 1041 are symmetric in angle around V380 Ori, their distances to the star are not the same, HH 222 is 22.6
′ from V380 Ori, while HH 1041 is only 17.3 ′ , which is 25% less. This, however, is often seen in giant HH flows, a prominent example is the nearby HH 401/402 flow which is driven by the HH 1/2 source (Ogura 1995) . HH 402 is located very close to HH 1041, and is also seen in Figure ? ?.
We have examined the path between V380 Ori and HH 222 in search of other shocked structures. Close to V380 Ori we see HH 35, originally discovered by Herbig (1974) . Figure ?? Figure ? ?, which shows locations of the knots indicative of a gradually changing flow-axis. HH 148 is likely to represent a separate flow from one of the other components in the V380 Ori multiple system. Further to the northwest, we have found a complex of faint HH knots, which we label HH 1031 (Figure ?? ). The brightest of these knots is located 8.8
′ northwest of V380 Ori, at a position angle of 327.5
• , 3.7
• less than that of HH 222, but 1.5
• more than that of HH 35. The smooth progression of separations and position angles of HH 222, HH 1031, and HH 35 suggests that they all belong to the same main outflow, which has seen a gentle change in outflow angle.
If we look to the counterlobe, precisely 8.8 ′ from V380 Ori at a position angle of 144.9
• we find the object HH 130, seen in Figure ? ?. This object was first noted by Reipurth (1985) and it was subsequently confirmed as an HH object by Ogura & Walsh (1991) and Corcoran & Ray (1995) . Its morphology suggests that it is a partial bow shock interacting with the L1641 molecular cloud. The fact that HH 130 is located at the precise same distance from V380 Ori as HH 1031 and that the two flows lie along the same line within a difference of only 2.6
• strongly suggests that both represent simultaneous but opposite ejections from V380 Ori. The principal difference between the two objects is their brightness: HH 1031 is a very faint HH object, whereas HH 130 is a much brighter and larger object. This is probably related to the orientation of the V380 Ori outflow axis. HH 222 is slightly blueshifted (see Section 3.2), suggesting that the counterflow is slightly redshifted. Support for this comes from the millimeter observations of Morgan et al. (1991) , who found a monopolar, redshifted, molecular outflow lobe associated with V380 Ori, located to its southeast (see also Corcoran & Ray 1995, their Figure 19 ). Given that the L1641 cloud is behind V380 Ori, the southern slightly redshifted outflow lobe is more likely to interact with the molecular cloud than the northern lobe, creating a stronger shock. The region is complex, Stanke et al. (2000) found H 2 shocks east and southeast of V380 Ori, which they ascribe to the giant L1641-N flow, and this might contribute to the molecular outflow. Figure ? ? provides an overview of the complete HH 222 outflow complex. The figure also shows the giant HH 401/402 flow associated with the HH 1/2 VLA source (Ogura 1995) . The dimensions of the two giant flows are almost the same, and both show evidence for a second outflow episode (HH130/1031 for V380 Ori and HH 1/2 for the HH 1/2 VLA source), both of which are slightly oriented away from the principal flow axis.
An Eruptive Event in the V380 Ori
Quadruple System HH 222 is, together with the nearby HH 401 (see Figure ?? ) one of the largest and brightest giant Herbig-Haro bow shocks known. On the assumption that outflow activity and accretion is related, we may deduce that a particularly violent event occurred which created HH 222 and its counter shock HH 1041. What would trigger such an event in a young Herbig Ae/Be star? The key may be found in the multiple nature of V380 Ori.
When multiple systems are born they are likely to be non-hierarchical, that is, the time-averaged distances between components are comparable, and such configurations are inherently unstable and decay to a hierarchical configuration within typically a hundred crossing times (e.g., van Albada 1968 , Valtonen & Mikkola 1991 . This transformation occurs as a result of a close triple encounter between components, during which energy and momentum can be transferred. Most such encounters occur during the protostellar stage (Reipurth 2000 , Reipurth et al. 2010 , which means that dynamical interactions occur not only between the stars, but even more so between their circumstellar disks. Such disk-disk interactions are particularly strong during a close triple encounter, leading to a massive accretion episode, and an ensuing powerful burst of mass loss. Such interactions in a newborn multiple system may appear as the wellknown FUor eruptions (Bonnell & Bastien 1992 , Reipurth & Aspin 2004 . We interpret the HH 222 complex within this scenario. Currently V380 Ori is a hierarchical quadruple system, with a close T Tauri companion in a 104-day orbit, a third body at a projected separation of ∼70 AU, and a very lowmass fourth body with a projected separation of ∼4000 AU. We posit that the system initially was non-hierarchical and decayed 28,000 yr ago or less, into a bound hierarchical multiple system, in the process creating the spectacular HH 222 shock structure we still today see traveling away from the star. Reipurth & Clarke (2001) suggested that ejection of stellar embryos from a dynamically evolving triple system could explain the formation of at least some brown dwarfs. With a projected separation of only ∼4000 AU from a compact triple system, the VLM/BD companion V380 Ori B appears likely to have had such an origin. The mean terminal velocity of such ejected bodies was found to be 1.13 km/s in the simulations presented by Reipurth et al. (2010) . Assuming an ejection with an angle of 30
• from the plane of the sky, the most likely tangential velocity of V380 Ori B is then 0.98 km/s. This suggests that V380 Ori B last time was close to V380 Ori and its other companions about 19,400 yr ago. Given the uncertainties involved in this estimate, this compares well with the upper limit of 28,000 yr derived from proper motions of HH 222 for the cataclysmic event that transformed the multiple system into its present dynamical configuration. If so, then V380 Ori B is at the moment most likely moving slowly away from V380 Ori. It may be escaping, or it may be in a bound orbit, in the latter case it is either in a stable or an unstable orbit. Reipurth & Mikkola (2012) calculated the probabilities for being in any of these three states for different ages and projected separations of such small bodies; for an age of 1 Myr and a projected separation of 4000 AU, the probability that V380 Ori B is escaping is low, only ∼10%, whereas the probability of being in a stable bound orbit is ∼20%, and in an unstable bound orbit ∼70%. In other words, in all likelihood we are watching V380 Ori B in a bound but unstable orbit that during one of its future periastron passages will bring it into such close contact with the remaining three stars in the system that it will be ejected from the system and become a free-floating VLM or BD object.
In this interpretation, the second pair of HH objects, HH 1031 and HH 130, are due to a periastron passage by one of the other companions roughly 10,000 yr ago, and HH 35 represents the outflow activity due to a more recent periastron passage. These events, during which milder interactions took place, may be related to the orbital evolution of the two close companions of V380 Ori, which have evolved in a viscous medium that likely has shrunk their orbits to the present more compact configuration.
During periastron passages, the presence of another body near the central binary may apply a torque and cause precession of the jet engine, leading to a gradual shift of the outflow axis, as observed. This may also account for the presence of the faint HH objects HH 148 imaged by Corcoran & Ray (1995) and lying very close to V380 Ori along an axis at a position angle of approximately 250
• (see Figure ? ?); these faint HH objects are likely to originate from one of the two companions very close to V380 Ori itself.
CONCLUSIONS
We have carried out a detailed study of the strange HH 222 object, which coincides with a non-thermal radio jet towards the Orion clouds, and have obtained the following results: 1) Measurements of the tangential velocity of HH 222 show a well-defined motion directly away from the nearby Herbig Be star V380 Ori.
2) Infrared images of the core of HH 222 show that the two previously identified sources located towards its core are likely giant elliptical galaxies belonging to a small cluster of galaxies, implying that there is no physical connection between the HH shock and the radio jet, but that they form an unexpected line-of-sight association. We are reminded that improbable does not mean impossible.
3) Spectroscopy and detailed imaging of the HH 222 bow shock reveals that its unusual morphology is due to a low density, limb-brightened sheet of shocked gas seen nearly edge on. Proper motions and radial velocities of HH 222 show that it is slightly blueshifted, moving at an angle of only 12±8
• to the plane of the sky. 4) We find a bright and large HH object, HH 1041, along the precise axis defined by HH 222 and V380 Ori, but opposite to HH 222. Whereas HH 222 is 3.0 pc in projection from V380 Ori, HH 1041 is 2.3 pc away, leading to a total extent of 5.3 pc, making the HH 222 flow among the largest giant HH flows known. 5) Two other HH objects, the previously known HH 130 and a new faint object HH 1031, form a second pair located symmetrically around V380 Ori with almost the same flow angle as HH 222.
6) We find a young borderline brown dwarf ∼9" (∼4000 AU in projection) from V380 Ori, making it a quadruple system. We interpret the above observations in terms of the dynamical evolution of an initially non-hierarchical multiple system, which has decayed into a bound hierarchical system, and during the initial close multiple encounter produced the giant HH 222/1041 bipolar HH flow, and at the same time ejected V380 Ori B into a wide orbit that is most likely unstable, eventually releasing the borderline brown dwarf to drift away.
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